concentrations of liver extract, the inhibition was reversed by nucleotides of adenine, guanine, uracil, cytosine, and thymine. When the medium contained partially purified sources of the two growth factors rather than crude liver extract, fewer compounds reversed the inhibition. Adenylic acid and guanylic acid reversed the action of either inhibitor. Inosinic acid reversed inhibition caused by deoxyguanylic acid, but not that caused by deoxyadenylic acid. Thymidylic acid reversed inhibition caused by deoxyadenylic acid better than that caused by deoxyguanylic acid. Uridylic acid and cytidylic acid were no longer effective in reversing the inhibitions. This organism preferentially responded to monophosphorylated compounds as inhibitors and as reversers of inhibitions. Studies on the acid-soluble nucleotide pool revealed an accumulation of adenosine triphosphate, guanosine triphosphate, and an unidentified compound which resembled a nucleotide in its physical properties. These data cannot be explained by known metabolic pathways of nucleic acid biosynthesis. This organism responds differently from other related organisms to nucleic acid derivatives; therefore, it may be a new useful tool for studying nucleic acid metabolism and biosynthesis.
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Lactobacillus bulgaricus GS is exceptionally fastidious, requiring at least two unidentified growth factors (Yang, Morris, and which are provided by liver and microbial cell extracts (Weinman, Morris, and Williams, 1964) . Investigation of the unidentified growth factors yielded the unexpected observation that deoxyguanylic acid (dGMP), deoxyadenylic acid (dAMP), and intact deoxyribonucleic acid (DNA) were inhibitory to growth, and the inhibition was reversed by crude sources of the growth factors such as liver extract. The inhibition was unexpected, since deoxynucleotides have previously been shown to stimulate growth of lactobacilli (Skeggs et al., 1948; Schweigert, 1959, 1960) , and with some cultures they will replace vitamin B12 (Kitay, McNutt, and Snell, 1950) . Deoxynucleotides have previously been shown to be involved in feedback inhibition of ribonucleotide reduction. Reichard, Canellakis, and Canellakis (1961) reported that in chick embryo extracts the conversion of cytidylic acid (CMP) and guanylic acid (GMP) to deoxycytidylic acid (dCMP) and dGMP was inhibited by deoxyguanosine triphosphate, deoxyadenosine triphosphate (dATP), and thymidine triphosphate. Ives, Morse, and Potter (1963) discussed five negative feedback controls demonstrated in the formation of pyrimidine deoxyribose triphosphates. In Ehrlich ascites cells it has been found that the inhibiting effect of deoxyadenosine in the presence of deoxycytidine may be counteracted by deoxyguanosine (Langer and Klenow, 1960) . Inhibition of bacterial growth by dAMP and dGMP is the subject of this paper, and evidence is shown that the inhibition is reversed by liver extract, thymidylic acid (TMP), and purine ribonucleotides.
MATERIALS AND METHODS L. bulgaricus GS, which has been studied previously (Weinman et al., 1964) , was used in these experiments. The preparation of the inoculum and the assay procedures were the same as those previously described (Weinman et al., 1964) , except the final dilution of the inoculum was 100-fold before addition to the basal medium.
The basal medium was the same as used previously (Weinman et al., 1964) at pH 9 at room temperature. The preparation was filtered through Super-cel and the filtrate which contained one of the growth factors, filtrate factor (FF), was frozen. The charcoal was washed at pH 3 for 20 min at 65 C with 2 volumes of water, each equivalent in volume to 6.5% of the original extract, and then filtered through Super-cel; the filtrates were then combined. The filtrates contained the second growth factor which precipitates at alkaline pH and which was called precipitate factor (PF). Although FF does not promote growth alone, it will increase the growth-stimulating activity of PF three-to fivefold. The optimal effect of the charcoal filtrate from liver extract as a source of FF was obtained when added as 10% by volume of the basal medium, and this was the amount used in the indicated experiments. To obtain near-maximal growth, PF was added at 11 units per ml. A unit is the amount of PF in 1 mg of liver extract solids.
Growth experiments were conducted in culture tubes containing the test substances, sources of PF and FF, basal medium, and sufficient water to bring the total volume to 3 ml.
The nucleic acid derivatives were obtained from commercial sources, and in many cases two or more sources of a compound were tested. The sources were as follows: Nutritional Biochemicals Corp., Cleveland, Ohio; Sigma Chemical Co., St. Louis, Mo.; Schwarz BioResearch, Inc., Orangeburg, N.Y.; and Calbiochem. The alkaline digest of ribonucleic acid (RNA) was prepared by a method previously described (Weinman et, al., 1964) . The diguanosine diphosphate (guanosine- 
RESULTS
Several deoxynucleotides and deoxynucleosides were tested for their effect on growth of L. bulgaricus GS (Table 1) . Only dAMP and dGMP were inhibitory; TMP and deoxyuridylic acid were slightly stimulatory. Since deoxyadenosine and deoxyguanosine were not inhibitory, it is apparent that a phosphorylated molecule was essential for inhibition.
Initial attempts to reverse the inhibition revealed that liver extract was effective in reversing the inhibition by dAMP, whereas it was less effective in reversing inhibition by dGMP, thus indicating that dAMP and dGMP do not cause inhibition by identical mechanisms. Several compounds were found to counteract the inhibition by dAMP (Table 2) . Nucleotides were more effective in counteracting the inhibition than either nucleosides or RNA, and TMP was the only compound containing deoxyribose found to be effective in counteracting the inhibition. Deoxycytidylic acid, guanosine, cytidine, uridine, thymidine, deoxycytidine, adenine, diguanosine diphosphate, and acid-hydrolyzed casein were ineffective in reversing the inhibition.
Since liver extract had been used in the basal medium in all the preceding work to supply the unidentified growth factors, and since liver extract also reversed inhibition, it was deemed desirable to distinguish between the effect of the unidentified growth factors provided by liver extract and other possible substances which may be reversing the inhibition caused by dAMP and dGMP. Experiments were conducted (Table 3) . Active compounds for reversing the inhibition caused by 20 ,ug of dAMP/3 ml were adenylic acid (AMP), GMP, and TMP, whereas inosinic acid (IMP), CMP, and uridylic acid (UMP) no longer reversed inhibition in the absence of crude liver extract. The active compounds for counteracting inhibition caused by 20 ,ug of dGMP/3 ml were AMP and GMP. Inosinic acid and TMP were less effective, whereas UMP and CMP were ineffective. Therefore, it appears that AMP and GMP were effective reversers of both inhibitors, IMP was active for counteracting inhibition caused by dGMP but not that caused by dAMP, and TMP was more active for reversing inhibition by dAMP than inhibition by dGMP.
When the nucleotides that were most active in counteracting the inhibition were added to the medium in the absence of the inhibitors, it was found that TMP and GMP were stimulatory, whereas AMP was slightly inhibitory.
When all three were added at the optimal level Concentrations of inhibitors per S ml of medium were 10,ug (0), 20,ug (X), and 40 ,ug (O) . Partially purified sources of both unidentified growth factors plus 50 pg/S ml each of TMP, GMP, and AMP were added to the basal medium, in addition to the amounts of AMP noted on the abscissas. The addition of the nucleotide supplement eliminated a small inhibitory effect of AMP and augmented the ability of AMP to reverse the inhibition.
of 50 ,g/3 ml, growth was superior to that of any single addition.
Further studies on the relative effectiveness of the nucleotides which reverse the growth-inhibiting effects of dAMP and dGMP revealed that AMP reverses inhibition by dAMP better than the inhibition by dGMP (Fig. 1) . The basal medium in this experiment contained a supplement of three nucleotides. When similar experiments were conducted without the nucleotides, the results were similar, except that growth was less at all concentrations of AMP. Guanylic acid was found to reverse the inhibition caused by dGMP better than that caused by dAMP (Fig. 2) , whereas TMP reversed inhibition caused by dAMP better than it reversed the inhibition caused by dGMP (Fig.  3) . Growth inhibition by dAMP showed variation among experiments; for example, as shown in Fig. 3A, 10 and 20 ,ig of dAMP/3 ml did not completely inhibit growth, whereas in the experiment shown in Fig. 2A , these amounts of dAMP inhibited growth more effectively.
In these experiments, the reverser to inhibitor ratio appears to be in the range of 5:1 to 20:1. The TMP to dAMP ratio appears to be in the same range, but the results are not as clear-cut as with AMP and GMP.
The phosphate group on the purine deoxynucleotides was essential for inhibition (Table 1) , and it was also found that dAMP is more than five times as inhibitory as dATP on a molar basis. Although growth inhibition by dAMP could be completely reversed by a 5-to 10-fold concentration of AMP, adenosine diphosphate (ADP) and adenosine triphosphate (ATP) were almost inactive, again indicating that the monophosphorylated compound had the highest activity.
The growth data indicate inhibition of a reaction in nucleic acid synthesis. Such (Reichard et al., 1961) , and growth of murine leukemia cells Morris, Reichard, and Fischer, 1963 
